preplant soil NO 3 -N test (PPNT) has long been recommended for the assessment of N availability in drier areas of the western United States where leaching losses are minimal (Bundy and Meisinger, 1994; Hergert, 1987) . The presidedress soil NO 3 -N test (PSNT) has shown potential for modifying fertilizer N recommendations in the humid eastern United States for corn grown on land receiving manure or where legumes have been grown in the rotation (Andraski and Bundy, 2002; Evanylo and Alley, 1997; Fox et al., 1989; Klapwyk and Ketterings, 2006; Magdoff et al., 1984; Meisinger et al., 1992; Sims et al., 1995) . The PSNT is a method currently recommended for identifying soils where yield response to fertilizer N may be limited in Virginia (Virginia Department of Conservation and Recreation, 2005; Donohue and Heckendorn, 1994) . Use of the PSNT has been limited by the need to collect samples during the growing season and delay N fertilization until soil samples are analyzed. In addition to the logistical problems, the PSNT is also limited by the variability of soil NO 3 -N due to its dependence on a number of factors such as temperature, moisture, and soil texture. Accurate prediction of soil N availability using a simple, preseason soil test has the potential to signifi cantly improve fertilizer N recommendations in Virginia. The ISNT might meet this need for corn grown in Virginia agroecosystems.
The ISNT has received much attention for its reported success Klapwyk and Ketterings, 2006; Mulvaney et al., 2005; Sharifi et al., 2007 Sharifi et al., , 2008 Williams et al., 2007a,b) and failure (Barker et al., 2006; Laboski et al., 2008; Marriott and Wander, 2006; Osterhaus et al., 2008) to predict fertilizer N response or measure labile soil N. The ISNT was developed through work that attempted to fi nd a relationship between different fractions of hydrolyzable soil N John T. Spargo* 
Illinois Soil Nitrogen Test for Prediction of Fertilizer Nitrogen Needs of Corn in Virginia
Current N needs for corn (Zea mays L.) in Virginia are estimated based on expected yield and are adjusted to account for the estimated amounts of N mineralized from organic sources such as manures, biosolids, and legumes. The dynamic nature of soil N creates signifi cant uncertainty in estimates of N availability from these sources. Accurate quantifi cation of organic N mineralization during the corn growing season should improve the precision of fertilizer N recommendations. The Illinois soil N test (ISNT) has shown promise as a tool for estimating mineralizable soil N and predicting corn fertilizer N needs. Other research has found the ISNT to be poorly related to labile soil N and unrelated to corn response to fertilizer N. The objective of this study was to determine if the ISNT predicts the fertilizer N response of corn grown in a diverse set of Virginia agroecosystems. We conducted 29 on-farm fertilizer N response trials in major corn-producing regions of Virginia. The ISNT was signifi cantly related to estimated yield without fertilizer N (R 2 = 0.57, P < 0.0001) and relative yield (R 2 = 0.64, P < 0.0001). We also found that the ISNT extracted a consistent percentage of total soil N (16.3 ± 0.7%), suggesting that it is a poor indicator of labile N. In fact, total soil N did as well as the ISNT at predicting yield without fertilizer N (R 2 = 0.53, P = 0.0002) and relative yield (R 2 = 0.64, P < 0.0001). The ISNT offered no more information about corn yield response to fertilizer N than did total soil N content.
and corn yield response to fertilizer N . used acid hydrolysis to determine the concentration of hydrolyzable NH 4 -N, amino acid N, amino sugar N, and total hydrolyzable N in soils collected from 18 fertilizer-N response studies. Their work showed that hydolyzable amino sugar N was highly correlated (r = 0.79) with check plot yield and fertilizer-N response (r = −0.82). The hydrolysis and N fractionation procedures are complicated and time consuming, and therefore are unsuitable for routine soil analysis. For these reasons, Khan et al. (2001) developed the simpler ISNT method to estimate (NH 4 + amino sugar) N.
The ISNT, described in detail in 15 N Analysis Service (2004) and Khan et al. (2001) , uses direct diffusion to measure alkali-hydrolyzable soil N, eliminating the acid hydrolysis procedures from earlier methods described by . The test is thought to recover amino sugar N, derived primarily from bacterial and fungal cell walls, plus extractable NH 4 -N . Most amino sugars in soil are believed to originate from polymeric compounds such as chitin, however, which are insoluble in hot alkali but soluble in acid (Greenfi eld, 2001; Stevenson, 1982) and some α-amino acid N is also probably released by the ISNT (Greenfi eld, 2001). Khan et al. (2001) used the ISNT to predict the response to fertilizer N in 25 trials and positively identify soils unresponsive to fertilizer N. They also indicated that the ISNT showed promise as a tool to quantitatively determine fertilizer N rates in conjunction with expected yield goals. In follow-up studies, Mulvaney et al. (2005) tested the ISNT on soils from 102 N response trials and found that it correctly identifi ed 94% of the 33 sites that were not responsive to fertilizer N. Klapwyk and Ketterings (2006) found the ISNT useful for identifying unresponsive corn silage fi elds on dairy farms in New York; however, soil organic matter had to be included in the model to accurately identify unresponsive locations. Working in North Carolina, Williams et al. (2007b) evaluated several soil N tests for corn. They found that the ISNT had the highest correlation with the economic optimum N rate (EONR) when consideration was limited to sites with mineral soils. In a follow-up study, Williams et al. (2007a) successfully predicted the EONR for corn grown on well (r 2 = 0.87) or poorly drained (r 2 = 0.78) soils.
The assay has not proven useful in all regions or under all cropping systems. For example, working in Iowa, Barker et al. (2006) found no relationship between the ISNT and relative corn grain yield, corn response to fertilizer N, or the EONR. The soils used in their study had relatively high levels of hydrolyzable NH 4 -N relative to amino sugar N and they suggested that this may partially explain the poor performance of the ISNT. Osterhaus et al. (2008) found no relationship between the ISNT and the EONR of corn for 80 fertilizer-N response trials conducted in Wisconsin. They also investigated the relationship between various hydrolyzable soil N fractions (NH 4 -N, amino sugar N, amino acid N, and total N) and corn yield response to fertilizer N using a subset (n = 13) of response trials and also found no signifi cant relationship. Marriott and Wander (2006) used the assay to compare labile soil N in conventional and organic cropping systems and found that the ISNT was not a sensitive index of labile N. The ISNT fraction was not preferentially enriched by organic management, and its response was similar to that of total soil C and N. For these reasons, it is not likely that the assay will be adopted as a universal soil N test. Rather, its use will be limited to regions and applications where the assay has proven useful.
The ISNT is a simple, convenient assay that should be tested on Virginia soils to determine if its application in the region is feasible. The primary objective of this research was to determine if the ISNT predicts fertilizer-N response of corn grown in a diverse set of Virginia agroecosystems. We also evaluated the usefulness of the PPNT and PSNT since soil NO 3 -N testing is currently the most widely adopted method for identifying soils where corn yield response to fertilizer N may be limited.
MATERIALS AND METHODS

Experimental Design
Research was conducted at 29 on-farm locations during two growing seasons (2006) (2007) in major corn-producing areas of the Coastal Plain (n = 22) and Ridge and Valley (n = 7) regions of Virginia (Table 1 ). All locations were unirrigated except one (Site 3). Locations were chosen to represent the broad range of corn-growing environments found in the state. The Coastal Plain consists of deep soils formed in fl uvial sediments occupying gently sloping, broad, interstream areas. Soils of the Ridge and Valley are shallow to deep, formed from residual or colluvial sandstone, limestone, and shale or fl uvial sediments. Agroecosystems of the Coastal Plain region are dominated by cash grain crop production while those of the Ridge and Valley are generally integrated with livestock production.
Each trial was established as a randomized complete block design with four replications. Plots measured 6 rows by 7.6 m. Preplant or starter fertilizer was applied at all but four locations at rates ranging from 0 to 77 kg N ha −1 . Eight sidedress N treatments were applied at growth stage V6 as urea-NH 4 NO 3 (UAN) (30% N) solution at eight rates ranging from 0 to 210 kg N ha −1 in equal increments of 30 kg N ha −1 . The UAN solution was applied by hand as a surface band between corn rows.
The management history of each site was obtained before initiation of the N trials (Table 2) . Information gathered included previous fertilizer and lime application rates, crop rotation, average yield, tillage management, and biosolids or manure application history and rate. The expected corn yield for each location was reported by the producer as the average yield for the previous 5 to 10 yr, excluding drought years.
Sampling and Analysis
Soil samples (composite of 10-12, 2.5-cm-diam. soil cores per site) collected at each site from 0 to 15 and 0 to 90 cm before planting, and from 0 to 30 cm immediately before sidedress N application, were air dried and ground to pass a 2-mm sieve. Soil samples collected from the 0-to 15-cm depth were analyzed for pH (1:1 soil/water ratio); Mehlich-1 extractable P, K, Ca, and Mg (Donohue and Friedericks, 1984) ; total soil C and N using a VarioMax CNS macro elemental analyzer (Elementar, Mount Laurel, NJ); and ISNT (Khan et al., 1997; .
The ISNT was conducted in triplicate using the method described in 15 N Analysis Service (2004) and Khan et al. (2001) , and modifi ed as described by . Briefl y, 1 g of soil was treated with 10 mL of 2 mol L −1 NaOH in a 473-mL wide-mouth Mason jar, sealed within 10 s, and heated for 15 h in a Precision 815 lowtemperature incubator (Precision, Winchester, VA) at 50°C to liberate alkali-hydrolyzable N as gaseous NH 3 . The liberated NH 3 was collected in a 4% w/v H 3 BO 3 solution in a petri dish suspended above the hydrolysate in each jar. The ISNT N was subsequently determined by acidimetric titration of the H 3 BO 3 solution with standardized 0.01 mol L −1 H 2 SO 4 using a Radiometer TIM 900 Titration Manager and ABU901 autoburette (Radiometer Analytical S.A., Lyon, France). The average coeffi cient of variation of triplicate determinations was 4.5%.
Soil samples collected from the 0-to 90-cm depth before planting and the 0-to 30-cm depth before sidedress N application were used for the PPNT and PSNT, respectively (Bundy and Meisinger, 1994; Magdoff et al., 1984) . Soil NO 3 -N was extracted from duplicate samples with 2 mol L −1 KCl for 1 h on a reciprocating shaker and determined colorimetrically using a QuickChem Automated Ion Analyzer (Lachat Instruments, Milwaukee, WI). The PPNT values were calculated on an areal basis using an estimated bulk density of 1.5 Mg m −3 . Yield was determined by hand harvesting 3 m of the center two rows from each plot at physiological maturity. All trials were harvested for grain except Sites 25 and 28, which were harvested for silage. The equivalent grain yield was calculated assuming silage is 45% grain on a dry-matter basis (Simpson et al., 1993) . All yield data were adjusted to 150 g kg −1 moisture content. Plant population was determined at each location at harvest.
Statistical Analysis
The signifi cance of yield response to sidedress N was determined by orthogonal contrasts comparing yield with no sidedress N to yield at all other sidedress N rates using the PROC GLM procedure of SAS (SAS Institute, 2002) . If not signifi cant (P > 0.1), the site was identifi ed as unresponsive. If signifi cant, the yield response to fertilizer N (preplant and starter N plus sidedress N) was modeled using a quadratic plateau function (Cerrato and Blackmer, 1990 ) using PROC NLIN of SAS (SAS Institute, 2002) .
The EONR was calculated for each site by equating the fi rst derivative of the quadratic portion of the model to the price ratio of fertilizer N to corn of 7.4 kg kg −1 (US$0.45 lb −1 N, US$3.4 bu −1 corn) and solving for the quantity of fertilizer N and the economically optimum yield (EOY). The price ratio of 7.4 kg kg −1 was chosen to represent the regional average during the study period. Unresponsive sites were assigned an EONR of zero. When the calculated EONR was greater than the highest fertilizer N rate applied (i.e., Sites 6 and 8), the highest N rate was taken as the EONR.
Since most sites received preplant or starter N, yield without fertilizer N (Ŷ N0 ) was estimated from the intercept of the yield response function. At locations receiving preplant or starter N, this approach resulted in extrapolation beyond the lowest experimental fertilizer N rate. Thus, where preplant or starter fertilizer N was applied at higher rates, there is a substantial amount of uncertainty in Ŷ N0 . Uncertainty in Ŷ N0 is reported as the estimated standard error of the intercept from each yield response function. Maximum yields (Y max ) were taken as the plateau from the response models, or non-Nlimited yields. When the fertilizer N rate corresponding to the plateau yield was greater than the highest fertilizer N rate applied (i.e., Sites 6, 8, 10, and 13), the plateau yield was calculated using the highest N rate. For unresponsive sites, Ŷ N0 and Y max were taken as the averaged site yield.
Yields were expressed on a relative basis to evaluate results across sites and years. The relative yield (RY) at each site was calculated as Ŷ N0 divided by the Y max . Another variable we investigated was the fertilizer N application factor (N f F, g N kg −1 grain) calculated as the EONR divided by the EOY. Unresponsive sites were assigned a RY of 1 and a N f F of zero.
Linear and nonlinear methods were used to determine the relationships between yield parameters and soil N test (PPNT, PSNT, ISNT, total soil N) measurements using PROC REG (linear and quadratic) and PROC NLIN (quadratic and linear plateau) of SAS (SAS Institute, 2002) . The residual mean square of each model was used to compare the quality of fi t, and the model with the lowest residual mean square was deemed the most appropriate. Models were also visually evaluated by plotting each one against the response variables.
RESULTS AND DISCUSSION
Site Characteristics
Sites were selected to represent the range of crop rotation and management practices used in the region that affect soil N ( Table 2) . Corn grown on all of the Coastal Plain sites followed L.) , or grass pasture. Seven of the 22 Coastal Plain locations had a history of biosolids application and six of the seven locations in the Ridge and Valley had a history of dairy manure or poultry litter application. All experimental sites except two were managed no-till; the duration of no-till management ranged from 0 to 25 yr. found that total soil N and ISNT increased at a rate of 22 kg N ha −1 yr −1 and 1.7 mg N kg −1 yr −1 , respectively, with continuous no-till management in the Virginia Coastal Plain. A portion of the N sequestered as soil organic matter (SOM) in no-till soils may become available for crops and offset a portion of fertilizer N needs (Franzluebbers et al., 1994; Sharifi et al., 2008; Wienhold and Halvorson, 1999) .
When soil test P, K, or pH were suboptimal for a given location, fertilizer or lime applications were made before or shortly following planting according to Virginia Cooperative Extension (VCE) recommendations (Donohue and Heckendorn, 1994) , thus ensuring that N was the only yield-limiting fertilizer nutrient (data not shown). Precipitation during the 2006 growing season was near average and did not severely limit yield at any of the sites. The 2007 growing season was especially dry throughout the U.S. Mid-Atlantic region and severe drought stress was observed at three sites (Sites 18, 19, and 22).
Yield
Corn is rarely grown without fertilizer N; however, a yield response to fertilizer N is not always observed. Eleven of the 29 experimental sites were unresponsive to sidedress N (Table  3) . Yield response to sidedress N at Sites 18, 19, and 22 was limited by drought conditions, not by available N. To prevent confounding error, drought-affl icted locations were not considered in the evaluation of soil N tests to predict yield response to fertilizer N and will be excluded from further discussion. Of the eight unresponsive sites, seven had received manure or biosolids within 2 yr before the experiment. Only two of the unresponsive sites (Sites 21 and 28) would have been identifi ed as unresponsive by the current VCE recommendations due to early spring manure or biosolids application at rates determined to meet N needs.
The observed EONR ranged from 0 to 277 kg N ha −1 and, among responsive sites, averaged 184 kg N ha −1 . The EOY exceeded the expected yield at 13 of 17 locations in 2006 and six of nine locations in 2007 (Tables 2 and 3 ). The calculated N f F ranged from 0 to 28.9 g N kg −1 (Table 3) . Averaged across only responsive sites, N f F was 17.6 g N kg −1 grain, which is similar to the VCE recommendation of 17.9 g N kg −1 grain (Simpson et al., 1993) . The Ŷ N0 across the 26 N-response trials ranged from 0.1 to 11.7 Mg ha −1 and the RY ranged from 0.01 to 1. Due to extrapolation of the response function to estimate Ŷ N0 , there was a signifi cant amount of uncertainty in these values for several locations (e.g., Sites 1, 5, 9, and 17). While a more accurate estimation of yield with no fertilizer N would have been obtained by including a zero fertilizer N treatment in each of the trials, this approach was impractical due to the on-farm setting of these trials. The wide range in EONR, Ŷ N0 , and RY indicate that the contribution of soil N to yield varied widely among sites. Accurate prediction of the soil N contribution to corn needs could signifi cantly improve fertilizer N recommendations and thereby improve profi t and reduce excessive N applications.
Soil Nitrogen Preplant Nitrate Test
Preplant soil profi le NO 3 -N testing has long been recommended for the assessment of N availability in drier areas of the western United States where leaching losses are minimal, but the assay has not been widely used in the humid eastern United States (Bundy and Meisinger, 1994) . The PPNT has been shown to provide a useful evaluation of profi le NO 3 -N contribution to crop N needs in the eastern United States (Bundy and Malone, 1988; Khosla et al., 2000) ; however, that was not the case for this set of experiments.
The PPNT ranged from 20 to 57 kg N ha −1 at N-responsive sites and 35 to 118 kg N ha −1 for unresponsive sites (Table 3 ). Only Site 21 had a notably high PPNT level. Before the 2006 growing season, this fi eld had been managed using continuous no-till. In the spring of 2006, the fi eld was disked before planting soybean. Biosolids were applied in the spring of 2007 (the experimental year) and incorporated only about 2 wk before sampling. Soil NO 3 -N was almost evenly distributed throughout the 0-to 90-cm profi le (44, 36, and 37 kg N ha −1 at 0-30, 30-60, and 60-90 cm, respectively). It is unlikely that biosolids was the source of the high concentration of NO 3 -N throughout the profi le. A more probable source of the profi le NO 3 -N was tillageinduced mineralization of SOM (Pierce and Fortin, 1997) . This illustrates the importance of synchronized cropping (or cover cropping) to maximize the capture of mineralized soil N following intermittent tillage of no-till systems.
There was no obvious break between responsive and unresponsive sites and there was no correlation between Ŷ N0 , RY, or N f F and the PPNT. Where the PPNT is used, it is generally used to account for carryover NO 3 -N from previous cropping. It is typically considered to have limited value for estimating N contributions from soil organic matter, legumes, or manures (Bundy and Meisinger, 1994) . Another disadvantage of the PPNT in humid environments such as the eastern United States is the potential for NO 3 -N leaching between sampling and crop N need and uptake. (Bundy and Meisinger, 1994) . ‡ Presidedress NO 3 -N test (Magdoff et al., 1984) . § Illinois soil N test, determined using the modifi ed method of . ¶ Economically optimum N rate, calculated by equating the fi rst derivative of the crop yield function to a price ratio of fertilizer N/corn of 7.4 kg kg −1 (US$0.45 lb −1 N, US$3.4 bu −1 corn) and solving for the quantity of fertilizer N. Unresponsive sites were assigned an EONR of 0. # Economically optimum yield, calculated using the EONR. † † Estimated yield with no fertilizer N, taken as the intercept of the yield response function. For unresponsive trials, Ŷ N0 was set equal to the average site yield.
‡ ‡ Standard error of Ŷ N0 . § § Maximum yield or non-N-limited yield, taken as the plateau from the response models. For unresponsive trials, Y max was set equal to the average site yield. ¶ ¶ Relative yield, calculated as Ŷ N0 divided by the Y max . Unresponsive sites were assigned a RY of 1. ## Nitrogen fertilizer application factor (g applied N fertilizer kg −1 grain), calculated as the EONR divided by the EOY. Unresponsive sites were assigned a N f F of 0. † † † Drought-affected site.
Presidedress Nitrate Test
The PSNT has proven useful for identifying N-suffi cient soils in the eastern United States that have received organic amendments, or where legumes have been grown in the rotation (Andraski and Bundy, 2002; Evanylo and Alley, 1997; Fox et al., 1989; Klapwyk and Ketterings, 2006; Magdoff et al., 1984; Meisinger et al., 1992) . Evanylo and Alley (1997) conducted 47 fertilizer-N response trials throughout Virginia and found that sites with a PSNT >18 mg N kg −1 were unresponsive to fertilizer N. In our study, the PSNT of only three sites was >18 mg kg −1 (Sites 7, 20, and 21) and one of those was responsive to fertilizer N (Site 7; Table 3 ). This is a signifi cant failure, considering that the PSNT of six out the eight unresponsive sites was <18 mg N kg −1 . We also considered the possibility of a quantitative relationship between the PSNT and yield response to fertilizer N, but there was no relationship between Ŷ N0 , RY, or N f F and the PSNT. One of the shortfalls of the PSNT is the temporal and spatial variability of soil NO 3 -N due to its dependence on myriad factors such as temperature, moisture, and soil texture. Other researchers have also found that the usefulness of the PSNT as a quantitative index of N availability was limited due to variability in the relationship between the PSNT and RY (Evanylo and Alley, 1997; Fox et al., 1989; Meisinger et al., 1992) .
Illinois Soil Nitrogen Test
Where the ISNT has been shown to detect soils that are not responsive to fertilizer N applications for corn growth, the critical range has varied. In development of the ISNT, identifi ed a critical range of 225 to 235 mg N kg −1 for the 25 sites they worked with. Of the 35 N-response trials conducted by Williams et al. (2007a) , none were unresponsive. They did, however, fi nd a signifi cant relationship between the ISNT and the EONR. Solving their function for well-drained sites (EONR, kg ha −1 = 348 − 3.12 × ISNT, mg N kg −1 ) for an EONR of zero gives 112 mg N kg −1 . found that the modifi ed ISNT method used by Williams et al. (2007a) reduced the recovery of N by approximately 50%. Assuming only 50% recovery of ISNT N using their modifi ed method, a critical value of 112 mg N kg −1 would be equivalent to approximately 224 mg N kg −1 using the original method. Klapwyk and Ketterings (2006) found that the critical ISNT for the 32 trials they conducted was related to SOM by a quadratic function [critical ISNT = 126.36 + (4.0944 SOM) − (0.0199 SOM 2 )]. The average SOM of the 29 sites we investigated was 19.6 g kg −1 (assuming that SOM equals organic C × 1.7). Solving the quadratic equation developed by Klapwyk and Ketterings (2006) for 19.6 g SOM kg −1 gives 199 mg ISNT N kg −1 . Based on these fi ndings, it is evident that multiple factors (including analytical method) may infl uence the critical ISNT concentration for a given location. We expected that if a critical ISNT was identifi ed for our locations, it would be somewhere between 200 and 250 mg kg −1 .
The ISNT of the 29 N trials we conducted ranged from 102 to 371 mg N kg −1 (Table 3) Khan et al. (2001) suggested, and Williams et al. (2007a) found, that the ISNT may be a useful tool to quantitatively determine fertilizer N rates for corn. The range of ISNT values among responsive sites in our study allowed us to test for a quantitative relationship between ISNT and yield response to fertilizer N.
Evaluation of the Illinois Soil Nitrogen Test to Predict Relative Yield Response to Fertilizer Nitrogen
We found a signifi cant quadratic relationship between Ŷ N0 and the ISNT ( Fig. 1 ; R 2 = 0.57, P < 0.0001). There was also a signifi cant relationship between RY and the ISNT using the linear-plateau model illustrated in Fig. 2 (R 2 = 0.64, P < 0.0001). The break-point ISNT concentration of the model, where no response to fertilizer N is expected, was 200 mg N kg −1 . As stated above, two unresponsive locations (Sites 20 and 27) had ISNT concentrations <200 mg N kg −1 . There was considerable variation in the responsive portion of the model (ISNT < 200 mg kg −1 ). When we considered only the responsive sites and regressed RY vs. the ISNT, we found a signifi cant relationship but it was much weaker (r 2 = 0.33, P = 0.0126).
We found a signifi cant relationship between the N f F and the ISNT using a linear-plateau model ( Fig. 3 ; R 2 = 0.57, P < 0.0001). The break-point ISNT concentration, 206 mg N kg −1 , was only slightly higher than it was for RY. Again, there was a considerable amount of variation in the responsive portion of the model and when only responsive locations were considered, the relationship between N f F and the ISNT was very weak (r 2 = 0.17, P = 0.09).
The poor relationship between the ISNT and RY and N f F for the responsive sites may limit its potential to improve the prediction of fertilizer N needs of corn. Yield response to fertilizer N can be affected by a number of factors other than soil N availability, e.g., plant population, previous crop, and C/N ratio. Consideration of these factors could improve interpretation of the relationship between yield response to fertilizer N and the ISNT. For example, Mulvaney et al. (2005) evaluated the effectiveness of the ISNT to predict corn yield response to N using 102 N-response trials conducted in Illinois. The sites had a range of manure management, crop rotations, and planting densities. They found that the relationship between the critical ISNT concentration and corn yield response to fertilizer N depended on the previous crop, the planting density, and the occurrence of a soil fertility limitation. Our data set did not lend itself to a rigorous statistical analysis of interactions between yield response to fertilizer N vs. ISNT and crop rotation, but a cursory review did not reveal any obvious trends. We did not fi nd a relationship between plant population and Ŷ N0 , RY, or N f F. We also considered the possibility of a relationship between Ŷ N0 , RY, and N f F and an interaction between SOM and the ISNT similar to that found by Klapwyk and Ketterings (2006) . The addition of total soil N or C to the model did not improve the prediction of Ŷ N0 , RY, or N f F. Barker et al. (2006) found no relationship between the ISNT and relative corn grain yield, corn response to fertilizer N, or the EONR among 43 N-response trials conducted in Iowa. They also found that the assay was unable to differentiate between fertilizer-N responsive and unresponsive sites. Barker et al. (2006) analyzed soils from a subset of 11 N-response trials for hydrolyzable NH 4 -N and amino sugar N using the direct diffusion methods of . They found that the ISNT was not signifi cantly related to amino sugar N but was highly correlated with hydrolyzable NH 4 -N (r = 0.87).
We compared the relationship between the ISNT and total hydrolyzable N and total soil N reported by Khan et al. (2001) for 25 N trials used in the development of the ISNT. We found that the correlation between the ISNT and total hydrolyzable N (r = 0.90, P < 0.0001) was as strong as the relationship between the ISNT and hydrolyzable amino sugar N (r = 0.91, P < 0.0001). There was also a strong relationship between the ISNT and total N (r = 0.88, P < 0.0001). Marriott and Wander (2006) used the ISNT to compare labile soil N in conventional and organic cropping systems and found that the ISNT was not a sensitive index of labile N. The ISNT fraction was not preferentially enriched by organic management and its response was similar to that of total soil C and N. Marriott and Wander (2006) also found the ISNT to be highly correlated (r = 0.98) with total soil N and suggested that this indicated that the ISNT may extract some recalcitrant forms of soil N.
We found a very signifi cant relationship between the ISNT and both total N and total C (r 2 = 0.99 and 0.99; Fig. 4 ) among the 29 N trial sites used in our research. The ISNT extracted 16.3 ± 0.7% of total soil N. Barker et al. (2006) found that the ISNT extracted approximately 15% of total N and Marriott and Wander (2006) found that the ISNT extracted approximately 14% of total N. The strong correlation between total and ISNT N and the seemingly consistent relationship prompted us to explore the correlation between total soil N and Ŷ N0 , RY, and the N f F.
We found that total soil N did as well as the ISNT at predicting Ŷ N0 , RY, and N f F. There was a signifi cant quadratic relationship between total soil N and Ŷ N0 (R 2 = 0.53, P = 0.0002; Fig. 5 ). There was a signifi cant linear plateau relation- ship between total N and RY (R 2 = 0.64, P < 0.0001; Fig. 6 ). There was also a signifi cant linear plateau relationship between total N and N f F (R 2 = 0.53, P = 0.0002; Fig. 7) . Total soil N is typically considered a poor indicator of corn response to fertilizer N. The fact that we found a relationship here was surprising and may be an anomaly of this particular data set. It does, however, illustrate the limited value of the ISNT to differentiate between total and mineralizable soil N in these soils.
CONCLUSIONS
Fertilizer N needs of corn vary widely among fi elds in Virginia. Accurate quantifi cation of organic N mineralization during the corn growing season should improve the precision of fertilizer N recommendations, as has been recognized by much previous work. We found that the PSNT was of limited value to identify locations that were unresponsive to fertilizer N for the 26 N trials we investigated. This is troubling because the PSNT is currently recommended for identifying soils where yield response to fertilizer N may be limited in Virginia. The ISNT was signifi cantly related to Ŷ N0 , RY, and N f F (R 2 = 0.57, P < 0.0001; R 2 = 0.64, P < 0.0001; and R 2 = 0.57, P < 0.0001, respectively). The ISNT was also highly correlated with total soil N (r = 0.99, P < 0.0001) and total N was as useful as the ISNT for predicting Ŷ N0 , RY, and N f F. Thus, the ISNT offered no more information about corn yield response to fertilizer N than did total soil N content. Our research does illustrate that there is a relationship between fertilizer N needs (N f F) and soil organic N. These results suggest that there is a potential to improve fertilizer N recommendations if this relationship can be refi ned by development of an assay that truly measures mineralizable organic N. 
